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APPARATUS AND METHODS FOR SAMPLING

FIELD OF THE INVENTION
The present invention relates to apparatus and methods for sampling.

BACKGROUND TO THE INVENTION

To improve the tracking of livestock and to facilitate DNA testing, biological
samples may be collected from animals. The sample is usually cut from an animal
using a sampling device and is placed in a storage compartment for laboratory
analysis.

For disease control and quality control, it is becoming increasingly important
to be able to individually identify each animal with a unique code. This is typically
achieved by tagging of livestock which has recently become compulsory in many
countries worldwide. The tag, attached to the animal, e.g., to the animal's ear(s), has
a unique identifier on or transmittable by the tag. These unique codes can be
registered centrally, together with additional data related to the animal, farmer.
Further, the unique identifier allows the sample to be unambiguously linked to the
animal in question. Accordingly, in an outbreak of a disease, the source can be traced
and the disease may be controlled more effectively and efficiently.

Despite the increased security resulting from the use of identification tags,
there still remains the risk of error or fraud, e.g., cross-sampling fraud, where the
sample from one animal is linked to the ID of another animal. This may occur during
the sampling process if there are insufficient measures to prevent tampering of the
samples.

Further, the sampling process is often labour intensive and prone to errors
and inaccuracies, as the process typically requires logging of multiple pieces of
information associated with each sample, concurrently while taking a sample.

Accordingly, it is an object of the present invention to provide methods for
collecting and handling samples that goes at least some way toward overcoming the
disadvantages of known collecting methods and/or that will at least provide the public
with a useful choice.

Biological samples as referenced herein may include for example, animal
tissue such as flesh, blood, hair, fur, saliva, sweat, urine, or plant tissue such as
leaves, bark, roots or wood, or any other part of a plant or animal but particularly
those that are made up of similar cells, or which perform a similar function. Tissue
may come from plants and animals particularly, including pigs, goats, cattle, sheep,
poultry, and fish. The animals may be production animals or companion animals or

wild animals.
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In this specification where reference has been made to patent specifications,
other external documents, or other sources of information, this is generally for the
purpose of providing a context for discussing the features of the invention. Unless
specifically stated otherwise, reference to such external documents is not to be
construed as an admission that such documents, or such sources of information, in
any jurisdiction, are prior art, or form part of the common general knowledge in the

art.

SUMMARY OF THE INVENTION
In a first aspect, the present invention may be said to be a system for taking
a biological sample from an item, the system comprising
A) a sampler comprising
a handheld body to hold a sample collecting device and an actuator
adapted to drive the sample collecting device relative to the handheld
body and towards the item to remove a sample from the item,

B) a reader unit (preferably removably engaged to said handheld body or
located during sampling proximate to said hand held body) and comprising
one or more of:

i. asample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with
the sample collecting device,

ii. anitem ID reader adapted to capture identification information
(hereinafter “"ID") associated with the item from which the
sample is to be taken.

In a second aspect the present invention may be said to be a sampler comprising

a handheld body to hold (and preferably holding):

a. a sample collecting device holder adapted in use to
accommodate a sample collecting device,

b. an actuator adapted to drive a sample collecting device from the
sample collecting device holder, (and preferably through the
item) to remove a sample from the item

a reader unit (preferably removably) engaged to said handheld body

and comprising one or more of:

i. a sample identification reader adapted to capture identification

information (hereinafter “sample information”) associated with

the collecting device,
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ii. an item ID reader adapted to capture identification information
(hereinafter “item ID”) associated with the item from which the
sample is to be taken.

Preferably the reader unit comprises memory storage and/or can receive
removable memory storage..

Preferably the memory storage can store item ID and sample information,
that become associated with each other..

Preferably the reader unit comprises a transmitter to transmit item ID and/or
sample information to an external device. (eg a data storage or collection device).

Preferably the reader unit comprises a rechargeable power supply..

Preferably the collecting device holder is permanently engaged to the
handheld body.

Preferably, if the reader unit, when in the form engageable to the handheld
body, is removed, the sampler is still able to function to remove a sample for the
item..

Preferably the reader unit comprises a sample identification reader, and
wherein said sample information to be read by the sample identification reader
comprises one or more of a machine readable ID and an electronic ID, associated with
the collecting device.

Preferably the reader unit comprises an item ID reader and wherein said item
ID to be read by the item ID reader comprises one or more of a machine readable ID
and an electronic ID, associated with the item from which the sample is to be taken.
Preferably the reader unit comprises a sample identification reader and an item ID
reader (to for example read ear tag ID)

wherein each reader is configured to capture respective identification
information via compatible EID communication (preferably RFID).

Preferably the readers utilise different frequencies for EID communication.

Preferably the sample identification reader operates at 125kHz and the item
reader operates at 134.2 kHz..

Preferably the reader unit comprises a camera configured for one or more of:

a) capturing sample information,

b) capturing item ID,

¢) obtaining supplemental data relating to one or more of:
i) the item to be sampled,
i) location of sampling,
iii) sampling procedure.
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Preferably the reader unit comprises a positional tracking system.
Preferably the reader unit comprises:

a) atimer and/or

b) means for obtaining and recording and/or transmitting time stamps.
Preferably the reader unit comprises an item ID reader, and

wherein the reader unit is configured to measure and/or record time
between:

a) capturing said item ID and taking the sample, and/or

b) taking the sample and capturing said item ID.

to compare the measured and/or recorded time against a predetermined

time.

Preferably if said measured and/or recorded time exceeds the predetermined
time the handheld body or reader unit provides directly or indirectly (eg to an external
device) audio, visual or haptic feedback.

Preferably if said measured and/or recorded time exceeds the predetermined
time the sampler (preferably the reader unit) prompts the user to take a new sample.

Preferably if said measured and/or recorded time exceeds the predetermined
time the sampler is deactivated by preventing said actuator(s) from being actuated..
And preferably the user is required to perform one or more authorisation steps
comprising one or more of inputting user login details and capturing user credentials,
and/or to restart the sampling process, in order to reactivate the sampler..

Preferably if said measured and/or recorded time exceeds the predetermined
time, the sampler records a warning data tag associated with the sample, (preferably
associated with said sample information and/or item ID and stored on memory
storage of said reader unit).

Preferably said predetermined time is between about 2 and 20 seconds.

Preferably said predetermined time limit is between about 1 second and 5
minutes..

Preferably said time limit is between about 5 and 10 seconds..

Preferably the reader unit comprises a animal tag reader,

wherein the reader unit records a time stamp at the time when said
animal tag ID is captured, and

wherein the reader unit records another time stamp at the time the
sample is taken.

Preferably the reader unit comprises a sample identification reader, and

wherein the time of taking the sample corresponds to the capturing of
said sample information on the collecting device as the collecting device is
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driven from the collecting device holder (preferably through the item) to

remove the sample from the item..

Preferably the reader unit comprises a processor for controlling operation or
operability of the sampler..

Preferably the reader unit comprises a user interface for receiving and/or
capturing user credentials..

Preferably the reader unit comprises wireless communication means for
transmitting data to one or more external devices..

Preferably the reader unit is able to wirelessly transmit data to one or more
external devices..

Preferably the memory storage can store at least one of:

A) item (eg animal) ID and sample information, and
B) GPS data, photographs, time stamps

preferably associated with each other..

In a further aspect the present invention may be said to be a method of
taking a biological sample from an item and placing the sample into a storage
container using a sampler, said sampler comprising a handheld body presenting:

a sample collecting device holder adapted in use to accommodate a
sample collecting device,

an actuator adapted to drive the sample collecting device from the
sample collecting device holder, (preferably through the item) to remove the
sample from the item,
an ID reader adapted to capture identification information (hereinafter
item ID) associated with the item from which the sample is to be taken, the
method comprising:
a) supplying the sampler with a sample collecting device at the sample
collecting device holder,
b) driving the actuator to remove a sample from the item,
¢) capturing the item ID,
wherein the time duration (hereinafter “sampling time duration”)
between steps (b) and (¢) is monitored and/or the time of each of steps (b)
and (c) are recorded as time stamps, regardless of whether step (b) occurs
before or after step (¢).
Preferably the sampler is as herein before described..
Preferable the item is an animal..
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In still a further aspect the present invention may be said to be a method of
taking a sample from an item using a sampler, said sampler comprising

a handheld body comprising

a sample collecting device holder adapted in use to accommodate a sample

collecting device, an actuator adapted to drive the sample collecting device

from the sample collecting device holder, (preferably through the item) to
remove the sample from the item, and

an ID reader (preferably removably engaged to the handheld body or
located, during sampling, proximate to the handheld body), the ID reader

adapted to capture identification information (hereinafter “item ID")

associated with (and preferably carried by) the item from which the sample is

to be taken, the method comprising:
a) supplying the sampler with a sample collecting device at the sample
collecting device holder,
b) driving the actuator to remove a sample from the item,
¢) capturing the item ID,
wherein the time duration (hereinafter “sampling time duration”)

between steps (b) and (¢) is monitored and/or the time of each of steps (b)

and (c) are recorded as time stamps, regardless of whether step (b) occurs

before or after step (¢).

Preferably the sampling time duration is compared (and is preferably
recorded) with a predetermined time limit.

Preferably the method comprising providing at least one of audio, visual and
haptic feedback to a user if said sampling time duration is longer than said
predetermined time limit.

Preferably the method further comprising prompting the user to restart the
sampling process if said sampling time duration is longer than said predetermined
time limit.

Preferably the sampling time duration when step (b) occurs after step (¢) is
monitored such that if the sampling time duration exceeds said predetermined time
limit, said driving of the actuator is prevented by said sampler.

Preferably if said sampling time duration is longer than said predetermined
time limit and said sampler is deactivated by preventing said actuator(s) from being
actuated, the user must perform one or more authorisation steps comprising one or
more of inputting user login details and capturing user credentials, and/or to restart
the sampling process, in order to reactivate the sampler..
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Preferably the method further comprising recording or assigning a warning
data tag associated with the sample if said sampling time duration is longer than said
respective predetermined limit.

Preferably said warning data tag is associated with said item ID. (preferably
on a separate memory storage and/or on memory storage associated with said
handheld body)..

Preferably said warning data tag is associated with information carried by one
of both of said collecting device and storage container.

Preferably the time of steps (b) and (c) taking place, are recorded as time
stamps, and said recorded time stamps are associated with said sample. (preferably
on a separate memory storage and/or on memory storage associated with said
handheld body).

Preferably said time stamps are recorded and associated with information
carried by one or both of said collecting device and storage container, preferably on a
separate memory storage and/or on memory storage associated with said handheld
body.

Preferably said time stamps are associated with said item ID information
recorded preferably on a separate memory storage and/or on memory storage
associated with said handheld body.

Preferably the method further comprising:

capturing identification information (hereinafter “sample information™)
associated with the collecting device as the collecting device is driven from
the collecting device holder and (preferably through the item) to remove the
sample from the item, wherein the time of taking the sample corresponds to
said capturing of said sample information.

Preferably the predetermined time limit against which the sampling time
duration is compared is between about 2 and 20 seconds..

Preferably the predetermined time limit against which the sampling time
duration is compared is between about 2 seconds and 5 minutes..

Preferably the predetermined time limit against which the sampling time
duration is compared is between about 5 and 10 seconds..

Preferably the predetermined time limit against which the seal time duration
is compared is between about 2 and 20 seconds..

Preferably the predetermined time limit against which the seal time duration
is compared is between about 5 and 10 seconds..
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Preferably the sampler includes a location sensor that can sense the
geolocation of the sampler and record this information associated with information of
said item ID and/or sample information.

In a further aspect the present invention may be said to be a sampling system
to collect a sample from an item, comprising:

a sampler comprising a handheld body defining a sampling region at

where a sample collecting device can be held (and preferably is held),

the handheld body carrying an actuator adapted to drive the sample
collecting device to remove the sample from the item

a reader unit removably engageable to said handheld body and
comprising one or more of:

a. a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with
the collecting device,

b. an item ID reader adapted to capture identification information
(hereinafter “item ID”) associated with the item from which the
sample is to be taken,

wherein in a first mode of use, the sampler, with the reader unit

engaged to the handheld body, presents a sample collecting device holding

region where said sample collecting device can be held, and

wherein in a second mode of use, the sampler, without the reader unit

engaged to the handheld body, presents a sample collecting device holding

region where said sample collecting device can be held.

In still a further aspect the present invention may be said to be a sampling
system to remove a sample from an item, comprising:

a sampler comprising a handheld body defining a sampling region at

where a sample collecting device can be held (and preferably is held),

the handheld body carrying an actuator adapted to drive the sample
collecting device to remove the sample from the item,

a reader unit (preferably removably engageable to said handheld body,
or able to be located remote yet proximate thereto), and comprising one or
more of:

a. a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with

the collecting device,
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b. an ID reader adapted to capture identification information
(hereinafter “item ID") associated with the item from which
the sample is to be taken.
Preferably during said reader unit captures at least one of sample information
and item ID when said sample is being removed.
In still a further aspect the present invention may be said to be asampling
system comprising
(i) a handheld body to hold (and preferably holding):
a. a sample collecting device holder adapted in use to
accommodate a sample collecting device,
b. an actuator adapted to drive a sample collecting device from the
sample collecting device holder to take a sample from the item,
(ii) a sample identification reader adapted to capture identification information
(hereinafter "sample information”) associated with the collecting device, and
(iii) an ID reader adapted to capture identification information (hereinafter “item
ID") associated with the item from which the sample is to be taken,
wherein
the sample identification reader and the item ID reader together or severally
form part of one of said hand held body and a handheld portable electronic

device.

Preferably GPS information is recorded at the time of sampling, said GPS
information recorded with said item ID and sample information for subsequent
processing..

Preferably sampling time information is also recorded together with said GPS
and item ID and sample information..

In an even further aspect the present invention may be said to be a method
of recording information and associating the information with sample taken from an
item (preferably an animal), the method comprising:

using a sampler that can (a) receive a plurality of sample collecting devices
that can remove a sample from the item and (b) record information of or carried by
said item and (c) record information of or carried by each said sample collecting
device, (i) recording geolocation information of the sampler at the time of taking a
sample, (ii) recording information of or carried by said item and (iii) recording
information of or carried by said sample collecting device and (iv) associating said
geolocation information and information of or carried by said item and information of
or carried by said sample collecting device together.
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Preferably the time between at least one of (i) recording the geolocation of
the sampler at the time of taking a sample, (ii) recording information of or carried by
said item and (iii) recording information of or carried by said sample collecting device
is also associated with said geolocation information and information of or carried by
said item and information of or carried by said sample collecting device.

Preferably the sampler carries a GPS or other geolocation sensing/capable
device..

In a further aspect the present invention may be said to be a method of taking
and storing a sample from an item, the method comprising:

(i) taking an item identification reading (eg a photo of the item or a reading of an

ID carried by the item) and digitally storing the read item identification,

(ii) taking a sample from the item and locating the sample with a sample holder,

(iii) taking an identification reading of the sample holder and digitally storing the

read sample holder identification reading,

(iv) taking a reading of the geolocation of the location of the item and digitally

storing the geolocation reading,

(v) recording the time of or time lapse between at least two of steps i-iv above.
Preferably the order of steps (i) to (iv) is sequential and in the order of step (i) then
step (ii) then step (iii) and step (iv).

Preferably the steps (i) to (iv) are carried out in no specific order.
In a further aspect the present invention may be said to be a method of taking and
storing a sample from an item, the method comprising:

(i) taking an item identification reading (eg a photo of the item or a reading of an

ID carried by the item) and digitally storing the read item identification,

(ii) taking a sample from the item and locating the sample with a sample holder,

(iii) taking an identification reading of the sample holder and digitally storing the

read sample holder identification reading.

Preferably the method further includes taking a reading of the geolocation of

the location of the item and digitally storing the geolocation reading,

Preferably the method also further comprises recording the time of or time
lapse between at least two of steps i-iii above.

The term “comprising” as used in this specification means “consisting at least
in part of”. When interpreting each statement in this specification that includes the
term “comprising”, features other than that or those prefaced by the term may also be
present. Related terms such as “comprise” and “comprises” are to be interpreted in

the same manner.
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This invention may also be said broadly to consist in the parts, elements and
features referred to or indicated in the specification of the application, individually or
collectively, and any or all combinations of any two or more said parts, elements or
features, and where specific integers are mentioned herein which have known
equivalents in the art to which this invention relates, such known equivalents are
deemed to be incorporated herein as if individually set forth.

The invention consists in the foregoing and also envisages constructions of
which the following gives examples only.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described by way of example
only and with reference to the drawings, in which:

Figure 1 is a cross-sectional view of a sampler that may be used with the
methods herein described,

Figure 2 is a perspective view of a different sampler,

Figure 3a, 3b and 3¢ show perspective and exploded views of another type of
sampler,

Figure 4a and 4b show partial and close up views of a sampler,

Figure 5a to 5d illustrate a sampling system,

Figure 6 shows a removable smart reader unit and replacement standard
storage holder unit,

Figure 7 is a flowchart illustrating components (and associated operations) of
a sampler,

Figure 8 is a flowchart illustrating steps of a sampling process,

Figure 9 illustrates a sampling system according to another embodiment.

Figure 10A is a side view of a sample collecting device that may for example
be provided for the purposes of taking a saliva swap,

Figure 10B shows a sampler that may be used for the purposes of pausing the
sample collecting device of Figure 10A to be actuated,

Figure 11 is a sectional view through section AA of Figure 11,

Figure 12 is an end view of Figure 10A,

Figure 13 shows the swab of the sample collecting device of Figure 11 in an
extended condition, and

Figure 14 illustrates the swab of the sample collecting device of Figure 11 in a
retracted condition.
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DETAILED DESCRIPTION

The present invention relates to sampling methods that may utilise different
variations of sampler hardware and consumable components such a tissue punches or
swabs for obtaining biological samples from plants and animals particularly, including
pigs, goats, cattle, sheep, poultry, and fish. Sampling from production and/or from
companion animals such as cats, dogs and horses is envisaged. These biological
samples may include for example, animal tissue, flesh, blood, hair, fur, saliva, sweat,
urine. The invention relates more specifically to improvements in sampling, sample
and animal correlation, meta-data collection, sample security and fraud reduction or
prevention mechanisms for detecting, reducing and/or eliminating tampering of the
sampling process or inadvertent errors during the sampling process.

In one example of a sampler 1” that may be used as seen in figure 3 and 4 a
magazine may be used that comprising a plurality of collecting devices 250. Each
collecting device may comprise a punch 251 having a cutting element for cutting a
sample from the item (such as animal or plant material for example). Each collecting
device 250 may also comprise a plunger that pushes the sample into a storage
container held by the sampler by movement of an actuating means. If a magazine is
included (integrally or removably) with the sampler, the magazine can be rotated,
after a sample is taken, to bring another collecting device into position for taking
another sample or the same or different item to be sampled, so that sequential
samples can be taken efficiently.

Exemplary embodiments of the collecting device 250 that may be used with
the sampler 1, 1",1”" may be as described in patent application W02015/056229,
hereby incorporated by way of reference.

The collecting device 250 may comprise a hollow punch 251 having a cutter
255 configured to remove a sample from an organism. The collecting device 250 may
also comprise a plunger 257 that is slidably movable within the punch 251, to push
the sample off the cutter 255 of the punch.

In other embodiments, as shown in Figure 2, the collecting device 250 may
consist essentially of a punch 251, which is driven to punch a sample from the
organism and then moved into a storage container 500.

In one embodiment as shown in Figure 1 and 9, and described in patent
application W0O2014/196876, hereby incorporated by way of reference, an example of
a sampler 1 that may be used, may comprise a body 100 having a magazine
receptacle 200 for holding a plurality of collecting devices 250, a storage container
holder 300, and a sample removing region 400. The sample removing region is
located between the magazine receptacle and storage container holder. An actuator
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130 is actuable to drive the collecting device 250 from magazine 200 into storage
container 300.

In another embodiment of a sampler, as shown in Figure 2, the sampler 1'
may comprise a body 100 having a storage container holder 300 and a punch holder
50 that may be configured to hold a single punch 251 associated with the storage
container 500.

In another embodiment of a sampler, as shown in Figures 3 and 4, the
sampler 1" may comprise a body 100 and a detachable scanning/sensing/reader unit
1000. In some preferred embodiments, the detachable reader unit 1000 comprises
storage container holder 300 and digital memory storage 1100. In the embodiment
shown, the detachable reader unit 1000 holds a single storage container 300, such
that the user replaces the storage container 300 after each sample is taken. In other
embodiments, the detachable reader unit 1000 may comprise a magazine for holding
a plurality of storage tubes 300. For example, the magazine may be rotatable, so that
new storage containers can be sequentially moved into the active collecting position
for each sample.

The body 100 of the sampler 1" may comprise of magazine receptacle 200
holding a plurality of collecting devices 250, and a sample removing region 400. The
sample removing region is located between the magazine receptacle and storage
container holder 300.

In another embodiment of a sampler as shown in Figures 5a to 5d, the
sampler 1" may be configured to removably receive (e.g., via snap fit or push fit or
other fit) a cassette 303. The cassette preferably carries a collecting device 250 such
as one described above, a storage container 300 such as one described above, and
(optionally) a seal or cover 260.

Seal 260 may be provided to cover the open end of the storage container 500
once the sample has been deposited within, for additional protection of the sample
against contamination. In some embodiments, where the collecting device 250
comprises a plunger 257 (that is slidably movable within the punch 251, to push the
sample off the cutter 255 of the punch), the seal 260 may also be adapted to push
onto the plunger when the seal engages onto the storage container 500, to thus push
the sample off the punch into the storage container.

In the preferred form the cassette 303 comprises a storage container holding
region 306 and a collecting device region 307. The two regions are preferably
integrally connected, with a sample removing region 400 defined therebetween.

The collecting device region 307 is configured to hold the collecting device
250 and seal 260 (if provided). If the seal 260 if provided separately from the
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collecting device 250, the two elements may be provided by way of a collecting device
and seal magazine 309, as shown in Figures 5a to 5d. The magazine 309 can move or
be caused to move relative to the collecting device region 307 so as to selectively and
sequentially present inline, the collecting device 250 and the seal 260 for actuation by
the sampler 1.

For example, Figure 5b shows the collecting device 250 axially aligned with
the storage container 500. The sampler 1’7 may then be actuated to punch a sample
from the organism and move the sample into a storage container 500. Subsequently,
Figure 5c¢ illustrates the cassette 303 in a manner where the collecting device 250 has
been delivered to the storage container 500, and the magazine 309 has been
displaced to axially align the seal 260 with the storage container 500. The sampler 1"
may then be actuated to drive the seal 260 into or onto the open end of storage
container, as shown in Figure 5d. In some embodiments, sampler 1’7 may comprise a
drive mechanism that moves the actuator 130 back towards an initial/retracted
position after it has been actuated, so that first the collecting device 250, then the
seal 260 can be driven into the storage container in a 2-step process.

In other embodiments, where the seal 260 is not provided, or is provided
integral (or in line) with the collecting device 250, a magazine may not be provided,
and the collecting device region may be configured to hold the collecting device 250
(or collecting device with integral seal 260).

The cassette 303 may in some embodiments retain the storage container 500
after the sample has been taken, and the single-use cassette assembly may be
shipped to a laboratory. In other embodiments, the filled storage container 500 may
be removed from the cassette and shipped to the laboratory, and the single-use
cassette 303 disposed. In yet other embodiments, after a sample is taken, a new
storage container 500 and collecting device 250 and seal 260 (where provided) or
magazine 309 (where provided) may be inserted into the cassette 303, ready for a
new sample.

Figure 10B illustrates an alternative sampler 500 that is for example designed
to hold and actuate a swab assembly 501 as seen in figure 10A and figure 11. The
sampler 500 may include a trigger 502 that can be actuated by a user in order to
cause the swab 503, held pre-swabbing in a protective sleeve 504 that may be capped
by a cap 505, to be moved by virtue of a sampler ram or push rod (not shown). Such
movement may be a push and retract movement where the swab head 503a is moved
over an item such as a tongue of an animal, in order to take a saliva sample. The
movement may be quick. The sampler 500 has no jaw of sample taking region unlike
the samplers as prior described. The sampler 500 provide for the same of similar GPS
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and timing and reading functionality as is herein described with reference to the other
samplers, and such may be removeably carried by the sampler 500 or permanently.

It should be understood that these functionality features may be applied to
various forms and configurations of collecting devices and samplers (and associated
methods of sampling) without departing from the scope of the invention. The
functionality adds sensing, processing and connectivity components to the sampling
device and/or process, to improve the efficiency and security of the sampling process,
and are not restricted to any particular configuration of sampler.

Suitable methods of actuating the sampler as previously described to obtain a
sample may be as described in W0O2014/196876, incorporated by way of reference,
and illustrated in Figure 1. The magazine 200 is rotatable within sampler 1, so that
unused collecting devices 250 can be sequentially moved into the active collecting
position. The sampler 1 comprises actuating means to actuate, e.g., a ram, to push
the active collecting device out of the chamber of the magazine 200, through the
sample removing region 400 and toward the storage container. As the ram pushes the
collecting device 250 through the sample removing region 400, the cutting end of the
punch pushes through the item (e.g., ear or other part of the animal) to cut a sample
plug from the item. The ram may be actuated via a handle or trigger of the sampler.

Any of these exemplary samplers 1, 1', 1", 1" may comprise additional
sensing, processing and connectivity components to improve the ease, efficiency,
convenience, security and/or accuracy of the sampling process and subsequent
downstream sample analysis.

In one embodiment, the sampler 1, 1', 1", 1”7 as seen in Figures 1 to 4 may
comprise a tag reader 1500 configured to scan or read an identifier on an animal tag
that is associated with the animal from which the sample is to be taken/has been
taken.

Animal tags are known in the art and have been widely used to provide a
unique identification of each animal. The animal tag may comprise a human readable
identification component, such as an alphanumerical sequence printed or otherwise
provided on the animal tag. The animal tag may additionally or alternatively comprise
a visible machine readable component such as a linear barcode or a matrix barcode
such as quick response (QR) codes. The animal tag may additionally or alternatively
be an electronic identification (EID) tag, e.g., a radio-frequency identification (RFID)
tag, a near field communication (NFC) tag, which comprises electronically stored
information and means for transmitting this information to the tag reader. In some
cases, the animal tag may be embedded (e.g., subcutaneously) in the animal; in other
cases, the tag is attached to the animal (e.g., to the animal's ear) such that at least a
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portion of the tag is visible to the user; in yet other cases, the tag is marked onto the
animal, e.g., via branding, tattooing.

Where RFID is used, the RFID system may operate in a suitable frequency
range, e.g., low frequency (LF), high frequency (HF), ultra high frequency (UHF). The
frequency range may be selected according to effectiveness over the distances
required, according to regulation or standards, and/or so as not to interfere with other
RFID systems (as discussed in more detail below).

The tag reader 1500 is accordingly configured to read, sense, scan, capture
and/or record one or more identification components from the animal tag. In some
embodiments, the animal tag reader 1500 is configured to be able to capture
identifiers from more than one type of animal tag, for greater versatility across a
range of different environments and scenarios.

In one embodiment, the tag reader 1500 is configured to read electronically
stored data from an EID tag. For example, the animal tag may comprise a passive
RFID transponder that is powered inductively by the animal tag reader. Alternatively,
the animal tag may be an active RFID tag. The tag reader 1500 comprises an RFID
reader antenna configured to read the electronic ID transmitted by the animal tag
across a specific carrier frequency or frequency band.

Preferably, the configuration of the RFID system conforms to ISO standards
11784 and 11785. Accordingly, the RFID system is preferably a low frequency (LF)
system, and operates across the ISO-compliant carrier frequency of 134.2 kHz.
However, it will be appreciated that the RFID system could be instead compliant with
other national or regional standards relating to animal identification and tracing, and
may therefore operate at or across other frequencies as appropriate.

The tag reader 1500 may additionally or alternatively comprise a barcode or
QR code scanner for use with tags that have no RFID capability. In these cases, the
tag reader 1500 may comprise a barcode scanner, image scanner, a camera or other
image capturing means. The tag reader 1500 of sampler 1, 1', 1", 1”7 may further
comprise a processor running image recognition software for processing and
interpreting the captured barcode image. In other embodiments, the tag reader 1500
may simply record the barcode image, to be transferred to a separate storage
location, apparatus, database, server, for subsequent processing and interpreting.

Additionally or alternatively, the tag reader 1500 may be a camera 1800 for
recording human viewable/readable animal ID or ID components, such as
alphanumeric serial numbers, from the animal tag. Similarly, the recorded image may
be processed using image recognition and processing software, whether this is run on
board the sampler, or after the data has been transferred to a remote server.
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Further, the camera 1800 could also be used to take photographs or videos of
identifying features of the animal, for example, photographs of the animal tag,
biometric data such as a retinal scan of the animal, visual patterns on the animal such
as colouring variation or distribution of spots, or other identification features such as
visual brands on the animal, ear notches. This biometric identification data may be
captured in addition to, or instead of, identification from an animal tag associated with
the animal.

The camera 1800 may be provided with one or more accessories (whether
integrally formed with the camera or not) such as a flash, laser pointers, for use in
low-light conditions and/or as a laser “sight” to increase accuracy of focus on the ID
component or other identifying features of the animal before/when capturing the
photograph. Other accessories may include rangefinders (e.g., laser rangefinders),
proximity sensors, infrared sensors, to aid with focusing and capturing of photographs
and optionally also to obtain more information about the images captured e.g.,
distance.

The user may be prompted to scan the animal tag and/or capture other
animal identification data immediately before and/or immediately after taking the
sample of the animal. This prompting may be by way of visual, audio or haptic
feedback. For example, a countdown timer may be visible and/or audible.

Timing between the scanning and sampling steps may be restricted,
regulated, recorded or monitored, as discussed in more detail below. In other
embodiments, the scanning or transmission of the animal EID may be automatically
activated, for example, actuating the trigger of the sampler to take the sample may
simultaneously activate the tag reader 1500 to read the EID and/or capture the
image.

In preferred embodiments, the sampler is configured to so that there is a
predetermined time limit between (1) scanning or reading of the animal ID and (b)
taking the sample or taking of a sample marked as valid (eg a validated sample) and
that accordingly will or should be treated as valid in subsequent processing, (or vice
versa). This can help reduce the risk of cross-sampling fraud (i.e., prevents the user
from scanning one animal's tag and taking a sample from another animal). For
example, the user may be provided with between three seconds and ten seconds after
scanning the animal tag to complete the sample taking process. This time limit may be
factory set. This time limit may be programmable by an authorised user, so that it
may be adapted for different scenarios.

In some embodiments, if the sample is not taken within the time limit, the
user may be notified (via sound, visual, haptic feedback) and the user will need to
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rescan the animal tag before the sample (or a validated sample) can be taken. That
is, the sampler may be blocked or deactivated such that the punch of the collecting
device cannot be actuated unless the animal tag is rescanned.

In some embodiments, if the sample is not taken within the time limit, the
sampler may be deactivated, e.g., the actuator 130 may be prevented from being
actuated (for example via solenoid pins that lock the push rod), the sampler may
power off or go into standby mode, until the user performs one or more authorisation
steps, e.g., by inputting user login details (may be user’s login details or a
supervisor’s login details), or by capturing user (or a supervisor’'s) credentials e.g.,
sensing, reading, and/or recognising one or more identifiers associated with the user,
such as a barcode, QR code, EID on a user's ID card, and/or biometric data such as
the user's thumbprint, eye scan. Further, the user may also be required to restart the
sampling process once the authorisation step(s) have been performed, in order to
reactivate the sampler.

In other embodiments, if the sample is not taken within the time limit, a data
warning tag is added to the data associated with the sample, so that a laboratory
analyst will be aware that the time limit was breached during that particular sampling
instance. Ie the sample is not valid or is not a validated sample. Exemplary
embodiments for associating data with the sample, e.g., via an ID on the collecting
device or storage container, are described in more detail below.

Alternatively, instead of setting a predetermined time limit or timer, the
sampler could record two time stamps, one at the time the animal tag is scanned, and
another at the time the sample is taken. The duration between the two time stamps
may then be assessed, e.g., at the laboratory, to determine if too much time elapsed
between these two events. The sample may then be treated as non-validated sample.

Preferably, the identification of these events (i.e., capturing the animal ID and
taking the sample) is performed automatically by the sampler or associated portable
device, and cannot be modified by the user. For example, a proximity or magnetic
switch 1550 may be provided in a suitable location to confirm that the collecting
device 250 or punch 251 has moved, e.g., out of magazine 200, or into storage
container 500. This automatic detection can therefore be linked unambiguously to the
sampling action.

It will be appreciated that other means of detecting the sampling action may
also be suitable, e.g., as will be discussed in more detail below, the sample ID reader
may be positioned to only capture the ID of the actual collecting device while it is
moving to take a sample or after it has moved into the storage container after taking
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a sample. Accordingly, the time of the reading of the sample ID could be used as an
unambiguous confirmation of the sampling action.

The required scanning process may either require the animal identification
data to be captured before or after taking the sample. Where the scan is done after
taking the sample, the procedure would not prohibit a sample from being taken (e.g.,
by deactivating the sampler) if the time limit is breached, but the sample could be
tagged with data warning tags as described above.

For extra security, a multi-scan process may be implemented. For example,
the user may be required to scan the animal tag, take the sample, then re-scan the
animal tag. Optionally, this must all be done within a predetermined time period. This
will help to reduce the risk of cross-sampling fraud.

In one embodiment, the animal tag reader 1500 may be provided integrally
with (and permanently attached to) the sampler, as shown in Figures 1 and 2.

In another embodiment, the animal tag reader 1500 may be provided on a
reader unit 1000 that is removably attachable to the body 100 of the sampler, as
shown in Figures 3 and 4. In this embodiment, the detachable reader unit 1000 may
also comprise inbuilt memory storage 1100 and/or means for receiving removable
memory storage, e.g., memory cards, USB, for storing the animal ID. The animal ID
data and other data such as time stamp data may be written to the memory storage
to be recorded thereon. Alternatively, the reader unit 1000 may transmit the animal
ID and other data to an external device or database without storing the data on the
reader unit 1000.

The detachable reader unit 1000 may be configured to be reversibly attached
to the sampler via any suitable attachment means, e.g., snap-fit, interference fit,
screw-fit, a lug and slot connection (as shown in Figures 3a to 3¢), clamps.

In a third embodiment, the animal tag reader 1500 may be physically
separate from the sampler. For example, as shown in Figure 9, the animal tag reader
1500 may comprise a smartphone 2000 or other portable computing device, having a
camera which may function as a barcode/QR code scanner, and/or having RFID/NFC
capabilities for receiving EID data from the animal tag.

The smartphone 2000 may run software or applications to provide a user
interface to facilitate the link between the smartphone and the sampler. Additionally,
the smartphone 2000 may perform some or all of the image recognition and
processing of the captured data. Alternatively, some or all of the raw captured data
may individually or collectively be transmitted (whether via a wired or wireless
connection) to a server or database for further processing.
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In preferred embodiments, the sampler may be wirelessly connectable to a
smartphone 2000 via, for example, Bluetooth, Bluetooth low energy (BLE), Wi-Fi,
infrared, NFC, mobile networks such as GSM, GPRS, 3G, 4G LTE, to perform one or
more of the following functions: user authorisation, data transfer, user interaction.
Further, even for the embodiments where the animal tag reader 1500 is provided on
the sampler, the sampler is preferably able to connect wirelessly with a smartphone or
other portable computing device to facilitate one or more of these functions.

In alternative embodiments, the sampler may comprise a holder or other
means for temporarily attaching a smartphone 2000 or other portable computing
device to the body 100 of the sampler. In addition to physically mounting the
smartphone 2000 to the sampler, some embodiments may provide means for wired
data connectivity between the two devices (for example, a USB plug connection) while
the smartphone 2000 is mounted to the sampler.

In preferred embodiments, the sampler 1, 1', 1", 1" also comprises a sample
ID reader 1600 to read, sense, scan, capture and/or record one or more identification
components of the collecting device 250 and/or storage container 500.

For example, the plunger 257 or punch 251 of the collecting device 250 may
comprise a machine readable EID tag, such as an RFID tag. The RFID system may be
selected according to the anticipated manufacturing and use conditions of the sample
collector. For example a typical passive tag, active reader system operating at low
frequency can provide robust identification devices suitable for embedding in molded
plastic components at a unit cost that is appropriate. Other systems, such as NFC, or
passive or active tag systems operating in the high frequency (HF) or ultra high
frequency (UHF) range may also provide affordable, effective solutions.

If the sample ID is transmitted via RF, the electronic ID transmitted by the
tag on the collecting device 250 or storage container 500 is preferably across a carrier
frequency that is different from the carrier frequency of the animal tag ID (if an RFID
animal tag is used or intended to be used). For example, the sample ID tag preferably
does not operate over 134.2 kHz, which is the ISO-compliant frequency for the animal
EID. This will ensure that the two tagging systems do not interfere with each other. In
one example, the sample ID system operates at 125 kHz.

The sample ID reader 1600 may be integrated to the sampler, or mounted to
the sampler, adjacent the position that the sample, the collecting device 250 or the
storage container 500 occupies before or after the sample has been taken, and/or
adjacent the position that the collecting device 250 passes through while taking the
sample. Examples of suitable locations of the sample ID reader 1600 are shown in
Figures 1 to 4 respectively.
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In the example of Figure 3 and 4, the sample ID reader 1600 may be located
on the detachable reader unit 1000, adjacent where the collecting device 250 moves
into the storage container 5000 when the sample is taken.

Preferably, if a magazine 200 of collecting devices/punches is provided, the
device has means for selectively reading only the ID of the actual collecting device
250 or punch 251 that is currently being used to take the sample. For example, the
other collecting devices/punches may be shielded from being scanned by the sample
ID reader 1600, e.g., by manufacturing (at least part of) the magazine from an RFID
blocking material, Faraday’s cage.

In another example, the sample ID reader may be tuned to very close range,
such that it only reads a collecting device 250 or punch 251 that is directly adjacent to
it (this being the collecting device/punch that has been moved into position, ready for
use).

In another example, the sample ID reader is located away from the pre-use
position of the collecting devices/punches, and positioned adjacent where the
collecting device 250 or punch 251 will pass through while taking the sample, or
where the collecting device 250 will end up after taking the sample. One advantage of
this embodiment is that this provides a means for automatically and unambiguously
detecting the sampling action. The exact time of the sampling action may therefore be
linked to the time that the sample ID reader captures the sample ID, and this data
may be used to implement the restricted time limit between capturing the animal ID
and taking the sample, as described above.

In cases where the sample ID is not an electronic ID, e.g., it may be a
barcode, QR code, the sample ID reader is configured to scan/read the sample ID as
appropriate, e.g., the sample ID reader may be a camera, barcode scanner,
smartphone with camera.

In some embodiments, the sampler may comprise GPS or other 3D positional
recording or tracking systems for providing location data. Additionally or alternatively,
the sampler may also comprise other forms of positioning technology to provide
location data, including but not limited to cell phone network based triangulation, Wi-
Fi-based geolocation by the correlation of the SSID, MAC address or other identifiers
of the Wi-Fi access point with a public or private database of locations associated with
the Wi-Fi access point.

Where Wi-Fi geolocation is used, this form of positional information may be
supplemented with one or more other commonly used localisation techniques. Such
techniques may include the estimation of position based on signal strength from one
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or more access points, fingerprinting, angle of arrival based techniques where more
than one antenna or access point is available, or time of flight techniques.

For example, the sampler may comprise a GPS or other positioning
technology module 1700 to obtain or estimate the location where a sample was taken.
The positioning technology module may be provided either as a component either
separate and preferably connectable or associable with the handheld body of the
sampler, or may be integral with the handheld body of the sampler. Where provided
separate from the handheld body, the positioning technology module 1700 may be
provided by the smart phone 2000, where present. It is contemplated that the
positioning technology module 1700 may additionally be provided by any other
commonly available device capable of

In the case where the positioning technology module 1700 is provided by the
smart phone 2000, the smart phone may be located near to the sampler, such that
the location data may be transmitted to the sampler. In order to prevent fraud by the
recording of location data not sufficiently close to the actual location of the sampling,
it may be preferable to limit the range within which the smart phone 2000 may
communicate with the sampler. Such a range limitation may be provided by using
short-distance communication protocol, such as Bluetooth or Wi-Fi. Alternatively, it
may be provided by requiring a wired connection between the sampler and smart
phone. In these cases, the smart phone may be carried by the user while sampling,
or may be located nearby such as on a fence post, in a nearby vehicle.

Additional security measures may optionally be employed, e.g., back-up
position tracking systems, additional cell tower metadata, assisted GPS, to prevent
GPS spoofing fraud, verify the collected location data, and/or increase accuracy of the
location data.

In the preferred form is contemplated that the accuracy of location data is
desired to be such that it is possible to distinguish between farms or regions within
farms, or individual ocean areas, but not necessarily to the level of individual animals
or plants. However, in alternative forms more accurate location data may be able to
be provided, such that it is possible to determine between specific areas of land or
sea.

The location data may then be recorded and linked to the sample (e.g. sample
ID, animal ID, other relevant information associated with the particular sample). This
linking of the data may be performed onboard the sampler, via a connected device
such as a smartphone 2000, and/or after the datasets have been transferred to a
server or database.
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Where the location data is linked to the sample it may be desirable, in order
to prevent fraud, to provide a time limit between the sample being taken and the
sampler acquiring the location data from the positioning technology module 1700. If
the time between the sample being taken and the acquiring of the location data
exceeds the time limit, the sampler may either reject the sample or record this
information for assessment at the laboratory. This may go at least some way in
preventing fraud by sampling of an animal in a first location, but the provision of
location information from a second location.

In addition to measuring a time between sampling and the provision of the
location information from the positioning technology module 1700 the sampler may
require that the location data be timestamped within a particular time period. This
may further prevent the spoofing of positioning information and the recording by the
sampler of inaccurate location data.

At the laboratory the time timestamps and locations of each recorded sample
location may be compared against the time between each related sample, in order to
determine if the distances travelled between each successive sampling was possible in
that amount of time. Where this analysis is conducted, some leeway may be provided
dependent on the accuracy and type of positioning technology that is utilised.

In addition to the location data, other information such as time and date,
images of the sample location, may be captured immediately before, during or
immediately after the sample is taken, and the data linked with each other to provide
a comprehensive collection of data tags associated with a particular sample. For
example, actuating the trigger of the sampler to take the sample may simultaneously
initiate the recording of these additional data.

Increasing the number and variety of data tags associated with a particular
sample will generally increase the security of the sampling process, sample tracking
and sample processing. Further, automating the collection of these data will reduce
labour costs by eliminating or reducing steps which may previously have been done
manually, such as writing down the date and time as each sample is taken.

Location data or other information, as described above, that is captured and
associated with a particular sample may be stored on the sample tube 500, or may be
recorded on the sampler itself, or on a connected device such as a smartphone 2000,
where present. Recorded data on the sampler or connected device may be
instantaneously uploaded to a desired location for review at the laboratory, or may be
manually uploaded, such as by reading the data off a memory card associated with
the sampler, at a later time.
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Where location data or other information is associated with a sample and
stored or transmitted, it may first be encrypted by either the sampler or associated
connected device prior to storage or transmission. This encryption may assist in
preventing fraudulent modification of the data, such as by the insertion of a falsified
data stream. The information required for decrypting the data may be provided at an
authorised end source, such as a laboratory where the samples are reviewed.

An additional layer of security may be provided by requiring operator
authentication prior to using the sampler, and/or prior to taking a sample. Operator
login may be performed via direct operator input to the sampler, via switches, touch
screens, keypads, provided on the sampler. Alternatively, the operator may instead
log in via an application on a connected device such as a smartphone 2000.

Alternatively, instead of operator input, the user's credentials may be
obtained by sensing, reading, and/or recognising one or more identifiers associated
with the user, such as a barcode, QR code, EID on a user's ID card, and/or biometric
data such as the user's thumbprint, eye scan.

For particularly high risk situations, the user may be prompted to input user
credentials intermittently or regularly throughout the entire sampling process.
Preferably, in such cases, the sampler and/or connected device may be configurable
such that the frequency of the user input prompts may be varied depending on the
security required for a particular situation.

The embodiments shown in Figures 3 and 4 illustrate one particular
configuration of a sampler 1" comprising a standalone reader unit 1000, which is
attachable and detachable from the sampler body 100. This reader unit 1000
preferably comprises the animal tag reader 1500, the sample ID reader 1600 and
memory storage 1100. In some embodiments, the reader unit 1000 may further
comprise processing system including a communication module, e.g., for wireless
communication with a smartphone. The detachable reader unit 1000 may also
comprise a GPS module 1700, or other position tracking components. The detachable
reader unit 1000 may also comprise a camera 1800 which, in some cases, may
function as animal ID reader 1500 and/or sample ID reader 1600.

Accordingly, the detachable reader unit 1000 may comprise essentially all the
"smart" components of sampler 1'. The reader unit 1000 may be standalone, in that
it may be powered by its own battery 1900, which may be rechargeable via any
known method, such as a removable rechargeable battery, USB charging, wall socket
charging, inductive charging. The reader unit 1000 is preferably completely sealed and

weather resistant, water resistant or waterproof.
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Further, as the reader unit 1000 preferably contains its own memory storage
1100, e.g. inbuilt memory or removable memory, the reader unit 1000 may be hot
swappable from the sampler while the sampler remains in operation. That is, the
reader unit 1000 may be replaced with another reader unit while the sampler remains
in operation. This may be done when the memory storage 1100 is full, so that the
data may then be uploaded to a server or database.

While preferably provided attachable and detachable to the sampler body 100,
it is contemplated that the reader unit 1000 may be provided by the on-board
functions or connected functions of a smart phone 2000 where present, or may
alternatively be provided as another separate element, not attachable or detachable to
the sampler body 100. In the example of a smart phone 2000, the reader unit 1000
may also be able to be attached and detached to the sampler body 100, or may be
provided proximate to the sampler body. For example, where the reader unit 1000 is
comprised by the smart phone 2000 and/or other devices connected to it, the smart
phone may be worn the user who is conducting the sampling, on the body or in their
clothes.

Where the reader unit 1000 is comprised by the smart phone 2000 and/or
other commonly available devices connected to it,

Where the reader unit 1000 is not attachable or detachable to the sampler
body 100 it may be provided proximate to the sampler such that it is still able to
receive and record animal ID information from the sampler. The sampler and reader
unit 1000 may communicate by any commonly used communication platforms such as
RF, Wi-Fi, Bluetooth.

While not attached to the sampler body, the reader unit 1000 would
preferably be sufficiently proximate to facilitate communication between the sampler
and reader unit. For example, the reader unit 1000 may be located on the person of
the user of the sampler, on the ground or a fence post nearby to where the sampling
is taking place, or in or on a vehicle nearby.

In some embodiments as illustrated in Figure 6, the standalone, hot
swappable “smart” reader unit 1000 may be removed from the sampler, and the
sampler used without the smart reader unit. In one example, a replacement storage
container holder 2200 may be attached to the front of the sampler, so that the
sampler may then operate as a basic, "non-smart" device. This “non-smart” storage
container holder 2200 may comprise a holder for a single storage container 500, or
may comprise a magazine for holding a plurality of storage containers 500.

This allows for increased versatility of the sampler, for adapting to different
environments depending on the security risk. That is, for high risk, high security
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environments, the sampler may be used with the "smart" reader unit 1000 to provide
an additional level of security and reduce the risk of tampering, while for lower risk
environments, the reader unit 1000 may be removed (and optionally replaced with a
standard sample tube holder 2200) to perform less secure, but quicker and
(potentially more cost-effective) sampling. Accordingly, this provides several options
for the user, i.e., a basic, low-cost system, which may be subsequently upgraded to a
“smart” system if/when required.

In some embodiments, the sampler body 100 may not comprise a power
supply and/or electronic components, and therefore relies on the detachable reader
unit 1000 for the “smart” components of the system.

In other embodiments, the standalone, hot swappable “smart” reader unit
1000 may be configured to receive both the storage container 500 and collecting
device 250. For example, the cassette 303 received by the sampler 1" may be
provided in two different forms, a "smart” cassette comprising, e.g., animal ID reader
1500 and/or sample ID reader 1600, memory storage 1100, (as illustrated in Figure
5a) and a basic "non-smart” cassette. That is, the sampler 1’” may be configured to
receive either a "smart” cassette/reader unit, or a basic "non-smart” cassette which
would still allow the sampler to perform the basic sampling procedure.

Where the sampler operates as a basic, "non-smart" device, a separate smart
device 2000 may be provided in order to provide at least some of the herein described
smarts of the system. For example, where the smart device is capable of reading
RFID tags, the smart device may be used to scan a EID tag, such as an RFID tag, on
the plunger 257 or punch 251 of the collecting device 250 or the punch 251, then also
taken an associated animal ID. The associated animal ID may also be in the form of
an RFID tag, or may be in the form of any one or more of the other forms of animal ID
herein described.

Specifically, the smart device may scan the RFID tag of a collecting device
250 or punch 251, then also take a location data point from the on-board positioning
systems of the smart phone. These pieces of information may then be associated with
each other and stored on the smart device, for later transfer or analysis.

Any one or more other forms of animal ID may also be taken simultaneously,
or preferably within a predetermined time period. For example, the user may take a
photograph of the animal using the smart device 2000. Where additional animal ID is
to be provided by the user, a maximum time threshold after sampling, or after the
scanning of the collecting device or punch, may be required in order for the animal ID
to be validly recorded. As herein described, if the time threshold is not met then the
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smart device 2000 may reject the sample and require re-sampling, or may record the
fact that the threshold was surpassed along with the other animal ID information.

In order to prevent fraud, and ensure that the collecting device 250 or punch
251 which are scanned by the smart device are associated with the correct sample,
either or both of the smart device and sampler may be configured such that the
collecting device 250 or punch 251 may only be scanned during the sampling process.
Such a configuration may involve shielding of the collecting device or punch prior to
sampling, or a particular location of the smart device 2000 in relation to the sampler
body.

In the embodiment where the sampler operates as a “basic”, "non-smart"
device, and a separate smart device 2000 is provided, the one or more forms of
animal ID which may be sensed or captured by the smart device may either be stored
on the smart device, for immediate or deferred transmission to a desired repository,
such as the laboratory, or may be transmitted to and stored on the associated
collecting device 250 or punch 251.

Figures 7 and 8 are schematic flow charts that detail particular exemplary
embodiments of the sampling device and the sampling process. It will be appreciated
that the steps and sequencing depicted in these flow charts are provided for
explanatory purposes. Accordingly, any one or more of the components or steps
described may be modified or eliminated, and/or the steps of the process may be
rearranged in a different order as appropriate without departing from the scope of the
invention.

With reference to Figures 7 and 8, processing unit such as microprocessor
1150 controls the operation of the sampler, such that on wake up (e.g., after
accepting user credentials) it may first query the location coordinates of the sampler,
by accessing GPS module 1700 (if provided). As discussed, alternatives to the GPS
module may be other positional tracking or triangulation systems, acquired through
user input.

In one example, the most recent location coordinates stored in
microprocessor memory 1160 is used as the initial location variable, and this is
periodically updated by the GPS module 1700. In some embodiments, while the GPS
module is searching for location data, an LED 1180 or other audio, visual or haptic
feedback component on the sampler 1, 1', 1", 1" returns a signal that the GPS is
locked and/or warming up, so that the user is informed to wait until the GPS has
successfully returned the GPS coordinates.

Once the GPS coordinates have been returned, the user may then insert a storage
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container 500 into the storage container holder 300. In some embodiments, inserting
the storage container triggers a micro switch 1170 or other switch, which then triggers
the next step of the operation (e.g., reading the animal tag). Triggering of the micro
switch may help to conserve the battery of the sampling device (by turning the animal
tag reader 1500 and/or sample ID reader 1600 off when not needed), and/or to
ensure that the sample is taken only when a storage container 500 is in place.

In alternative embodiments, the storage container 500 may be inserted
before or while the GPS module or other positioning technology is obtaining the GPS
coordinates or other location information. In this case, a micro switch need not be
provided, and the sampler may be ready to use as soon as the GPS coordinates have
been obtained. It will also be appreciated that the GPS requirement may be
overridden by an authorised user, e.g., for use in locations where GPS signals may be
weak or unavailable. It is preferable that the override to allow sampling to continue
without location data is only able to be operated when the signal or information
required to determine positioning is not available, or is below a desired threshold, for
a predetermined period of time, or by a user having sufficient privileges.

In high-risk environments it may be preferable to omit the override, so that
the sampling may not continue without location data being provided. In such a
situation, in order to ensure that the sampler is able to be used in the maximum
number of physical locations, such as indoors or where there is legitimately no
capacity to acquire location data, it may be preferable to provide the sampler with
multiple positioning technologies, or provide alternative forms of animal ID that must
be provided in place of the location data. Where alternative forms of animal ID may
be provided, it is preferable that they are only available after a predetermined time
has passed with no location data being able to be acquired.

In some embodiments where a magazine of collecting devices is not provided,
e.g., as shown in Figure 2, a new collecting device 250 or punch 251 must be
individually inserted before taking the next sample. The collecting device/punch may
be inserted into the sampler 1 either before or after the storage container 500 has
been inserted into the storage container holder 300.

In other embodiments where a magazine of collecting devices is provided in
the sampler, e.g., as shown in Figure 1, the user may actuate (e.g., rotate) the
magazine to position a new collecting device 250 in place, either before or after the
storage container 500 has been inserted into the storage container holder.

Corresponding visual, audio or haptic feedback, e.g., via LED 1180 may be
provided to prompt the user to insert the tube 500 and/or collecting device/punch,
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and subsequently to notify the user that the device is ready to scan the animal tag
2100.

The user then scans/captures the animal ID (e.g., via RFID, or by taking a
picture or barcode scan) and the animal ID is stored in memory 1160. At this stage, a
timer may be activated which starts the countdown to the predetermined time limit
during which the sample has to be taken. This countdown may be indicated to the
user via audio, visual or haptic feedback.

The user then takes the sample, e.g., by activating the trigger/handle of the
sampler 1, 1', 1", 1" to drive the punch 251 or collecting device 250 across or
through the item or animal to remove the sample, and then into the storage container
500. As the punch 251 or collecting device 250 passes through the sample ID reader
1600, the ID of the punch 251 or collecting device 250 is read and stored in memory,
e.g., memory storage 1100 of reader unit. A time stamp may be recorded
simultaneously, or at any other time during the sampling process, as long as the time
stamp is unambiguously associated with the individual sample taken.

If however, the sample is not taken within the time limit set by the timer, the
microprocessor 1150 may initialise any one or more of the following responses. In
one embodiment, a warning may be displayed to the user via visual, audio or haptic
feedback. Micro switch 1170 may then switch off and the user is prompted to enter a
password (or other response, e.g., remove the storage container and reposition it in
place in the storage container holder 300) to reactivate the micro switch. This may
then reactivate the animal tag reader 1500 and the user is then prompted to rescan
the animal tag and subsequently take the sample within the time limit.

In another embodiment, after the visual, audio or haptic warning is activated,
the user may be prompted to rescan the animal tag, and the rescanned ID replacing
the original ID variable in memory 1160. Subsequently the user may then take the
animal sample within the time limit.

In another embodiment, after the visual, audio or haptic warning is activated,
the user may continue to take the sample, but a data warning tag is generated, linked
to the sample, and stored in memory. This way, when the data is processed
subsequently, the analyst will be alerted to the fact that that particular sample was
taken outside of the prescribed time limit. This step of generating a data warning tag
may be applied to any of the above response processes.

In another embodiment, a first time stamp is recorded at the time when the
animal ID is captured and a second time stamp recorded at the time the sample is
taken (or vice versa depending on the sampling procedure, i.e., if the user is required
to first take a sample before recording the animal ID, a first time stamp may be
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recorded as the sample is taken, and the second time stamp recorded when the
animal ID is captured). At the laboratory, the time stamp data may be analysed to flag
which (if any) samples were processed outside of the required time limit.

The time stamp recording may additionally or alternatively be used to record
other steps of the sampling process, e.g., recording of sample ID, sealing of the
sample tube, entering and authentication of user credentials, and the time duration
between any two steps may be analysed (whether directly by the processor on the
reader unit, or at the laboratory).

In one embodiment, a warning may also be provided if the ID of the punch
251 or collecting device 250 is not successfully obtained. This may occur, for example
if the magazine of collecting devices is empty and needs to be refilled, or if the RFID
of the punch or collecting device 250 was not properly scanned/captured. In such
cases, a visual, audio or haptic warning may be activated, and the user may be
prompted to insert a new collecting device 250, and restart the entire sampling
process.

In some embodiments where the sample tube 500 is sealed with a seal 260 in
a two-step process, as described in relation to sampler 1" above, the time between
taking the sample and sealing the sample tube 500 may additionally or alternatively
be restricted. That is, the or another timer may be activated (or a second time stamp
recorded) when the sampler 1" is actuated to drive the collecting device 250 and take
the sample. The timer may stop or a time stamp recorded when the sampler 1" is
actuated to drive the seal into the sample tube 500, and if this step is not within a
pre-set time limit, this may trigger one or more responses, e.g., deactivation of the
sampler, audio, visual, haptic feedback, as described above in relation to the duration
between capturing of animal ID and taking the sample.

Alternatively, as described above, if the time between taking a sample and
sealing the sample tube exceeds the time limit, a warning data tag may be recorded
and reviewed at the laboratory.

Alternatively, a first time stamp may be recorded when the sample is taken
and/or a first time stamp may be recorded when the animal ID is captured, a second
time stamp recorded when the sample tube is capped, and the time stamp data
associated with the sample in memory, to be subsequently analysed at the laboratory.

In preferred embodiments, each sample taken has an associated record of
data, which may be stored in memory or transmitted to an external device. The record
of data comprises at least i) the animal ID and ii) sample identification information. In
some embodiments, the sample identification information is associated with the
collecting device and/or storage container (e.g., via machine readable code or EID on
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the collecting device and/or storage container). In other embodiments, the sample
identification information could be a linked to the specific order in which an
ordered/numbered array of collecting devices and/or storage containers is provided to
the sampler.

In some embodiments, the record of data further comprises additional
information associated with the sample as described above, e.g., time stamps, data
warning tags, photographs, GPS data, user credentials, Accordingly, each sample may
be automatically associated with a record of multiple pieces of information related to
the particular sample, to improve the efficiency and security of the sampling process
and prevent fraud.

Once the full sampling process for one animal is completed, the data stored in
the microprocessor memory 1160 may be transferred to memory storage 1100. The
device may then be initialised for the next sample, e.g., the microprocessor memory
1160 may be erased. To conserve battery, the microprocessor may put the device into
sleep or standby mode if the sampler is not used for a predetermined time period,
e.g., 30 minutes. Upon wake up (which may be performed via user login, activating a
switch, inserting the storage container 500) the microprocessor may activate GPS
module 1700 to update the GPS coordinates, as discussed above.

Where a visual, audio or haptic feedback or warning is indicated in the
description above, it should be understood that the feedback may be unique to the
particular event or a set of related events, e.g., a specific LED colour, a specific
number or pattern of audio beeps, to help the user identify the exact issue/event that
is occurring. In another example, the feedback or warning may be displayed on the
user interface of a connected device, e.g., smartphone 2000. The preferred methods
herein described help improve tamper resistance of the sampling process.

The foregoing description of the invention includes preferred forms thereof.
Modifications may be made thereto without departing from the scope of the invention.
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CLAIMS

1. A system for taking a biological sample from an item, the system comprising
A) a sampler comprising
a handheld body to hold a sample collecting device and an actuator
adapted to drive the sample collecting device relative to the handheld
body and to contact the item to remove a sample from the item,
B) a reader unit comprising one or more of:

i. a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with
the sample collecting device,

ii. anitem ID reader adapted to capture identification information

(hereinafter “"ID") associated with the item from which the
sample is to be taken.
2. A sampler comprising
a handheld body to hold:

a. a sample collecting device holder adapted in use to

accommodate a sample collecting device,

b. an actuator adapted to drive a sample collecting device from the

sample collecting device holder, to contact the item to remove a
sample from the item,
a reader unit engaged to said handheld body and comprising one or
more of:

i. a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with
the collecting device,

ii. an item ID reader adapted to capture identification information
(hereinafter “item ID"”) associated with the item from which the
sample is to be taken.

3. The sampler of claim 2 wherein the reader unit comprises a transmitter to
transmit item ID and/or sample information to an external device.

4, The sampler of any one of claims 2 or 3, wherein the collecting device holder is
permanently engaged to the handheld body.

5. The sampler of any one of claims 2 to 4 wherein the reader unit comprises a
sample identification reader, and wherein said sample information to be read by the
sample identification reader comprises one or more of a machine readable ID and an

electronic ID, associated with the collecting device.
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6. The sampler of any one of claims 2 to 5 wherein the reader unit comprises an
item ID reader and wherein said item ID to be read by the item ID reader comprises
one or more of a machine readable ID and an electronic ID, associated with the item
from which the sample is to be taken.
7. The sampler of any one of claims 2 to 6 wherein the reader unit comprises a
sample identification reader and an item ID reader.
8. A sampler as claimed in claim 7 wherein the readers utilise different
frequencies for EID communication.
9. The sampler of any one of claims 2 to 8, wherein the reader unit comprises a
camera configured for one or more of:
a) capturing sample information,
b) capturing item ID,
¢) obtaining supplemental data relating to one or more of:
i) the item to be sampled,
i) location of sampling,
iii) sampling procedure.
10. The sampler of any one of claims 2 to 9, wherein the reader unit comprises a
positional tracking system.
11. The sampler of any one claims 2 to 10 wherein the reader unit comprises:
a) atimer and/or
b) means for obtaining and recording and/or transmitting time stamps.
12. The sampler of any one claims 2 to 10, wherein the reader unit comprises an
item ID reader, and
wherein the reader unit is configured to measure and/or record time
between:
a) capturing said item ID and taking the sample, and/or
b) taking the sample and capturing said item ID.

to compare the measured and/or recorded time against a predetermined

time.
13, The sampler of claim 12, wherein if said measured and/or recorded time
exceeds the predetermined time the handheld body or reader unit provides directly or
indirectly audio, visual or haptic feedback.
14, The sampler of any one of claims 12 or 13, wherein if said measured and/or

recorded time exceeds the predetermined time the sampler prompts the user to take a

new sample.
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15. The sampler of any one of claims 12 to 14 wherein if said measured and/or
recorded time exceeds the predetermined time, the sampler records a warning data
tag associated with the sample.
16. The sampler of any one of claims 12 to 15, wherein said predetermined time is
between about 2 and 20 seconds.
17. The sampler of any one of claims 2 to 18, wherein the reader unit comprises a
animal tag reader,
wherein the reader unit records a time stamp at the time when said
animal tag ID is captured, and
wherein the reader unit records another time stamp at the time the
sample is taken.
18. A method of taking a biological sample from an item and placing the sample
into a storage container using a sampler, said sampler comprising a handheld body
presenting:
a sample collecting device holder adapted in use to accommodate a
sample collecting device,
an actuator adapted to drive the sample collecting device from the
sample collecting device holder, to remove the sample from the item,
an ID reader adapted to capture identification information (hereinafter
item ID) associated with the item from which the sample is to be taken, the
method comprising:
a) supplying the sampler with a sample collecting device at the sample
collecting device holder,
b) driving the actuator to remove a sample from the item,
¢) capturing the item ID,
wherein the time duration (hereinafter "sampling time duration”)
between steps (b) and (¢) is monitored and/or the time of each of steps (b)
and (c) are recorded as time stamps, regardless of whether step (b) occurs
before or after step (¢).
19. A method of taking a sample from an item using a sampler, said sampler
comprising
a handheld body comprising
a sample collecting device holder adapted in use to accommodate a sample
collecting device, an actuator adapted to drive the sample collecting device
from the sample collecting device holder, to remove the sample from the item,
and
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an ID reader, the ID reader adapted to capture identification information
(hereinafter “item ID"”) associated with the item from which the sample is to be
taken, the method comprising:
a) supplying the sampler with a sample collecting device at the sample
collecting device holder,
b) driving the actuator to remove a sample from the item,
¢) capturing the item ID,
wherein the time duration (hereinafter “sampling time duration”)
between steps (b) and (¢) is monitored and/or the time of each of steps (b)
and (c) are recorded as time stamps, regardless of whether step (b) occurs
before or after step (c).
20. The method of claim 19, wherein the sampling time duration is compared with
a predetermined time limit.
21. The method of claim 20, further comprising providing at least one of audio,
visual and haptic feedback to a user if said sampling time duration is longer than said
predetermined time limit.
22. The method of claim 19 or 20, further comprising prompting the user to restart
the sampling process if said sampling time duration is longer than said predetermined
time limit.
23. The method of any one of claims 20 to 22, wherein the sampling time duration
when step (b) occurs after step (¢) is monitored such that if the sampling time
duration exceeds said predetermined time limit, said driving of the actuator is
prevented by said sampler.
24. The method of any one of claims 19 to 23, further comprising recording or
assigning a warning data tag associated with the sample if said sampling time duration
is longer than said respective predetermined limit.
25. A method as claimed in claim 24 wherein said warning data tag is associated
with said item ID.
26. The method of any one of claims 19 to 25, wherein the time of steps (b) and
(c) taking place, are recorded as time stamps, and said recorded time stamps are
associated with said sample.
27. The method of claim 26 wherein said time stamps are recorded and associated
with information carried by one or both of said collecting device and storage container,
preferably on a separate memory storage and/or on memory storage associated with
said handheld body.
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A method as claimed in claim 25 or 27 wherein said time stamps are associated

with said item ID information recorded preferably on a separate memory storage

and/or on memory storage associated with said handheld body.

20.

30.

31.

The method of any one of claims 19 to 28, further comprising:

capturing identification information (hereinafter “sample information”)
associated with the collecting device as the collecting device is driven from the
collecting device holder and (preferably through the item) to remove the
sample from the item, wherein the time of taking the sample corresponds to
said capturing of said sample information.
A sampling system to collect a sample from an item, comprising:

a sampler comprising a handheld body defining a sampling region at

where a sample collecting device can be held,

the handheld body carrying an actuator adapted to drive the sample

collecting device to remove the sample from the item

a reader unit removably engageable to said handheld body and
comprising one or more of:

a. a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with
the collecting device,

b. an item ID reader adapted to capture identification information
(hereinafter “item ID”) associated with the item from which the
sample is to be taken,

wherein in a first mode of use, the sampler, with the reader unit
engaged to the handheld body, presents a sample collecting device holding
region where said sample collecting device can be held, and
wherein in a second mode of use, the sampler, without the reader unit
engaged to the handheld body, presents a sample collecting device holding
region where said sample collecting device can be held.
A sampling system to remove a sample from an item, comprising:
a sampler comprising a handheld body defining a sampling region at
where a sample collecting device can be held,
the handheld body carrying an actuator adapted to drive the sample
collecting device to remove the sample from the item,
a reader unit (preferably removably engageable to said handheld body,
or able to be located remote yet proximate thereto), and comprising one or

more of:
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a. a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with
the collecting device,

b. an ID reader adapted to capture identification information
(hereinafter “item ID"”) associated with the item from which the
sample is to be taken.

32. The sampling system of claim 31 wherein during said reader unit captures at
least one of sample information and item ID when said sample is being removed.
33. A sampling system comprising
() a handheld body to hold,
a. a sample collecting device holder adapted in use to accommodate
a sample collecting device,
b. an actuator adapted to drive a sample collecting device from the
sample collecting device holder to take a sample from the item,
(i) a sample identification reader adapted to capture identification
information (hereinafter “sample information”) associated with the
collecting device, and
(iii) an ID reader adapted to capture identification information (hereinafter
“item ID") associated with the item from which the sample is to be
taken, wherein
the sample identification reader and the item ID reader together or severally
form part of one of said hand held body and a handheld portable electronic
device.
34. A method of recording information and associating the information with sample
taken from an item the method comprising:
using a sampler that can (a) receive a plurality of sample collecting devices
that can remove a sample from the item and (b) record information of or carried by
said item and (c) record information of or carried by each said sample collecting
device, (i) recording geolocation information of the sampler at the time of taking a
sample, (ii) recording information of or carried by said item and (iii) recording
information of or carried by said sample collecting device and (iv) associating said
geolocation information and information of or carried by said item and information of
or carried by said sample collecting device together.
35. A method as claimed in claim 34 wherein the time between at least one of (i)
recording the geolocation of the sampler at the time of taking a sample, (ii) recording
information of or carried by said item and (iii) recording information of or carried by
said sample collecting device is also associated with said geolocation information and
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information of or carried by said item and information of or carried by said sample
collecting device.
36. A method of taking and storing a sample from an item, the method comprising:
(iv) taking an item identification reading (eg a photo of the item or a reading of an
5 ID carried by the item) and digitally storing the read item identification,
(v) taking a sample from the item and locating the sample with a sample holder,
(vi) taking an identification reading of the sample holder and digitally storing the
read sample holder identification reading,
(vii) taking a reading of the geolocation of the location of the item and digitally
10 storing the geolocation reading,
(viii) recording the time of or time lapse between at least two of steps i-iv above.
37. A method as claimed in claim 36 wherein the order of steps (i) to (iv) is
sequential and in the order of step (i) then step (ii) then step (iii) and step (iv).
38. A method as claimed in claim 36 wherein steps (i) to (iv) are carried out in no

15  specific order.



WO 2017/168375 PCT/IB2017/051841

1/15

FIGURE 1



WO 2017/168375 PCT/IB2017/051841

2/15

FIGURE 2



PCT/IB2017/051841

WO 2017/168375

3/15

(=)
S
n
™

1000

FIGURE 3A4



000000000000

4/15

FIGURE 3b



WO 2017/168375

[
S
n
™

5/15

PCT/IB2017/051841

FIGURE 3c



PCT/IB2017/051841

WO 2017/168375

6/15

FIGURE 4a



WO 2017/168375 PCT/IB2017/051841

7/15

1500

FIGURE 4b



WO 2017/168375 PCT/IB2017/051841

8/15

1 177

FIGURE 5a



WO 2017/168375 PCT/IB2017/051841

9/15

K 309

FIGURE 5b N

4
\%\\\\\\\\\\\\\ )

FIGURE 5c¢

FIGURE 5d




0000000000000

FIGURE 6



PCT/IB2017/051841

WO 2017/168375

11/15

ONIAYS
Z1dWYS ONIQV3S
OVL NYJS

HONNG % Jdnl 128N

ONIAYS

BRGNS
OVl NVDS
HONNd % 3dnL LY3SNI

ONIOY3

ONINdYM F1814NY

ONIAVS
FidAVS EAVL
VL NYOS
3aNL 1d3IsN

ONIAVS
dNVS 3MVL
oYL NVOS

HONOC % 3801 LA58NI

HAOOT SdO

AJ07 549

08TT

QQN.N. | \A pieD Aowap V
7

a

N\uﬁﬂnn

NN NN NN NSNS N NSNS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE)

AN

7

N

ot ko s i ei s s sn v s s eion ol s on ot sk i ot e o s i os ek e g8 e e e a8 i e i o8 e e e eaos e e saon e e s e e e B e

PR R e R I R R

bive rire vire oo Poive oo e n
[]
]
]

Y T a———

P R . L

G ‘\

{ WVISTWIL \

L L L L L L L L LI L LI LI LI LTI Ie N,

L ’

|||||||||||| P2 RUUDIUE O} “ »

Aguioad 95013 f agn g 4

ol aizy ) seBumd :v:z ] ’

............ L] .

=

s .

L ’

s

a ‘

H............V s )

[] " ‘

n M 4

L] N

M P

n - .

e s (SPUODSS € xoudde) SueigRLI HOUS UM Uaxe) g 1snw siduies )

g :

. :

n " z g

- M :,:::::::is:s:s:s:s:s:s:s:s:s:s:s:s:s:s:s:s:sms:\
. ' .
L]
: . 00sT 00Ic :
L]

P R I A I A I R R R N I I SO . R I A R I L I ;\E\E\E\Eal\c

L] “

1opeay be| . ’

s

5 %

a #

5 %

Il

“

W

L 4

Jssmod Aisyeq aMssuon o
IMSCIDIW Ag dnaxea uid Jun apow

K
L]
OSTT : o
u ® ?
u ] 5
Y o reanonnn u ] #
A ] H
'}
f L] H
u » " #
n “ L sgqm Lmu_m\m_o%mn
u 5 n’ eauasul s yound
u ] 'R
L] 1
N H N L7+ o
L] [ 1
] '
L] [ g
\ PR R X L} [ ] P N I I R A P AT
N 2 ] ]
H n L] [ ] e,
; u amm g::;mg Femamm
L Mo 5 )
el ’ -,
nMW:?E.AMl! :9609 p %
B vl 5
. L}
P L]
P L}
7 L]
. L}
P L]
e
L]
»

) ..

2Inpoul Sdo

‘

s

P R R I R R o T R R R R R R R R R N R R R R o R R R PR
S Y P P S L S T S P P S LS TV Y T Y T

L HYNODIA

00s



WO 2017/168375 PCT/IB2017/051841

12/ 15

(tube i,nserted) (:punch inserted )

?
k4

(microswitch triggered) ================== reset tirner
LED 1 {Tube OKI) (30 minutes elapsed Jr=-==-+ _enter sleep mode

Cis aps location variable NULL? )

no yes ------------=----------—-""""}(initialisegps module}

H

] P -

; (LED 5 {Warming Up D»
H

initialise tag reader oo~ o~ v oo re o sc s nr i n e {retum gps co-ordinates )

LED 2 {ScanTag} » LED 5 {GPS lock )

{_update ocation variable }

{ stop gps module )

o o N
wait 30 minutes

i
]
i
]
i
]
I 7T il g WYt o TR
{ LED 2 {Tag OKI} } ¥
i
]
i
]
i

{ update tag id variable }

{ stop tag reader ) Riaiieaiabelahelefe e :

(wait for tag to be scannedj‘( ~~~~~~~~~~~~~~~~

Cretum tag id number j)

(imﬂalise samnple reader)

{LED 3 { Take Sample )»

e = == o

3
T
¥
[
¥
o

& 2 second elapsed

(return sarmple id number ) or {no punch scanned )
;

5
?
5
?
5
?
5
?
5
?
5
?
5
?
5
?
(LED 3 { Reading Sampie?)» or (3 second elapsed Jrenw~m~v~~ > @ BEEPI BEEPI BEEPI |}
5
?
5
?
5
?
5
?
5
?
5
?
5
?
5

: : @ tong BEEP!
¥ :
{ update sample id variable } : o - N
) ; {LED2(RescanTag} i 8 ==~
G_ED 3 { Sample Scanned OK )) :
?
{ create timestamp variable } :
4 :
?
LED 4 ( Saving ) » Bemeed > @ long BEEP!
Csave ali variables to SD card) { ALL LEDs { Punch Error - Restart ) »
(LED 4 { Complete - Ok to Eject )) (eject tube) {eject punch )
i':reset all variab’.es‘}

FIGURE 8



WO 2017/168375

13/15

PCT/IB2017/051841

1500

FIGURE 9

N — |




WO 2017/168375

PCT/IB2017/051841

14/ 15

504

FIGURE 104

IS
505

L~

501

502 /%

FIGURE 10B




WO 2017/168375 PCT/IB2017/051841

15/ 15

FIGURE 11

FIGURE 12

FIGURE 13

FIGURE 14



INTERNATIONAL SEARCH REPORT International application No.
PCT/1B2017/051841

A. CLASSIFICATION OF SUBJECT MATTER
AO01K 11/00(2006.01) A61B 10/02 (2006.01) GOIN 1/02 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, WPIAP, TXTE, PATENW: [PC/CPC = A61B10/02, A61B2010/0208, A61B2010/0225, GOIN1/02, A0OIK11/003,
A01K11/006, A61B2562/08, BO1L2300/02, A01K11/004 and lower marks; Keywords = sample, cell, blood, saliva, leaf, root,
wood, extract, collect, withdraw, cut, identification, measure, read, capture, match, ID, code, number, data, timer, time, time stamp,
compare, warning and similar terms. Cited and citing documents of relevant documents were also viewed in EPODOC and WPIAP.

Espacenet (Worldwide) and AusPat: searched for applicant/inventor names.

Applicant(s)/Inventor(s) name searched in internal databases provided by IP Australia.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art whichisnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"o" document referring to an oral disclosure, use, exhibition o .
or other means & document member of the same patent family
"p" document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
29 May 2017 29 May 2017
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Aisha Qi
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. 0262832028

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/IB2017/051841
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 6659338 B1 (DITTMANN et al.) 09 December 2003
X Figures 1-16, 22-24, column 5 line | to column 12 line 23, column 14 line 55 to column 1-11, 17-19, 26-38
15 line 36
US 2005/0187733 Al (STAAB) 25 August 2005
X Figures 1-5, paragraphs [0020]-[0035], [0042]-[0048] 1-11, 17-19, 26-38
WO 2014/196876 A1 (SNPSHOT TRUSTEE LIMITED) 11 December 2014
A
WO 2015/056229 A1 (SNPSHOT TRUSTEE LIMITED) 23 April 2015
A

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/1B2017/051841

Box No. Il  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

the subject matter listed in Rule 39 on which, under Article 17(2)(a)(i), an international search is not required to be
carried out, including

2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Supplemental Box for Details

1. As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

7. As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

protest fee was not paid within the time limit specified in the invitation.

I:' The additional search fees were accompanied by the applicant's protest but the applicable
I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (third sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/1B2017/051841

Supplemental Box

Continuation of: Box III

This International Application does not comply with the requirements of unity of invention because it does not relate to one
invention or to a group of inventions so linked as to form a single general inventive concept.

This Authority has found that there are different inventions based on the following features that separate the claims into distinct
groups:

e Claims 1-17 are directed to a system for taking biological sample from an item and a sampler. The feature of a reader unit
comprising one or more of i. a sample identification reader..., ii. an item ID reader... is specific to this group of claims.

e Claims 18-29 are directed to a method of taking a sample from an item. The feature of the time duration (hereinafter
"sampling time duration") between steps (b) and (c) is monitored and/or the time of each of steps (b) and (c) are recorded
as time stamps is specific to this group of claims.

e Claims 30 is directed to a sampling system to collect a sample from an item. The feature of wherein in a first mode of use,
the sampler, with the reader unit engaged to the handheld body, ...wherein in a second mode of use, the sampler, without
the reader unit engaged to the handheld body, presents a sample collecting device holding region where said sample
collecting device can be held is specific to this group of claims.

¢ (Claims 31-32 are directed to a sampling system to remove a sample from an item. The feature of a reader unit (preferably
removably engageable to said handheld body, or able to be located remote yet proximate thereto) is specific to this group
of claims.

¢ Claims 33 is directed to a sampling system. The feature of the sample identification reader and the item ID reader together
or severally form part of one of said hand held body and a handheld portable electronic device is specific to this group of
claims,

e  Claims 34-35 are directed to a method of recording information and associating the information with sample taken from an
item. The feature of associating said geolocation information and information of or carried by said item and information of
or carried by said sample collecting device together is specific to this group of claims.

e Claims 36-38 are directed to a method of taking and storing a sample from an item. The feature of (vii) taking a reading of
the geolocation of the location of the item and digitally storing the geolocation reading, (viii) recording the time of or time
lapse between at least two of steps i-iv above is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical relationship among the
claimed inventions involving one or more of the same or corresponding special technical features. PCT Rule 13.2, second sentence,
defines a special technical feature as a feature which makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above groups of claims, the identified features may have the potential to make a contribution over the prior art but are not
common to all the claimed inventions and therefore cannot provide the required technical relationship. The only feature common to
all of the claimed inventions and which provides a technical relationship among them is features regarding a sampler with handheld
body to hold a sample collecting device and an actuator to remove a sample from the item, as well as features regarding a
reader unit comprising one or more of a sample identification reader and an item ID reader

However this feature does not make a contribution over the prior art because it is disclosed in:
US 6659338 B1 (DITTMANN et al.) 09 December 2003

Therefore in the light of this document this common feature cannot be a special technical feature. Therefore there is no special
technical feature common to all the claimed inventions and the requirements for unity of invention are consequently not satisfied a
posteriori.
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